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[Title of the Invention] Method of Manufacturing a Semiconductor 
Laser device 

[Summary] 

[Object] It is intended to improve yield in manufacturing a 
semiconductor laser device with a ridge waveguide. 
[Structure] After a crystal layer is formed on an active layer 4 
by an epitaxial growth method so as to have a thickness of a ridge 
side layer 8, a mask is provided by a photolithographic technique 
on a region of the crystal layer where the ridge side layer is to 
be formed. Afterward, an epitaxial growth layer is formed by the 
epitaxial growth method on a portion of the crystal layer that is 
not covered with the mask so as to have a predetermined thickness. 
Thus, a ridge 7 is formed. With respect to the ridge 7, its width 
and thickness are determined by the photolithographic technique 
with excellent controllability and the epitaxial growth method with 
excellent controllability, respectively. Hence, the ridge 7 has 
dimensions with high precision. In addition, the ridge side layer 
is formed to have a thickness with high precision by the epitaxial 
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growth method with excellent controllability. 
[Claims] 

[Claim 1] A method of manufacturing a semiconductor laser device 
including an active layer and a crystal layer whose part becomes 
a ridge and whose portions on both sides of the ridge become a lower 
ridge side layer than the ridge, the crystal layer being laid 
directly over the active layer or being laid over the active layer 
with one or more crystal layers interposed therebetween, 

wherein in forming the ridge, after a crystal layer with a 
thickness of the ridge side layer is formed on the active layer 
or on a predetermined crystal layer located on the active layer, 
a mask is formed on a surface of the crystal layer with a thickness 
of the ridge side layer corresponding to a portion where the ridge 
side layer is to be formed, then an epitaxial growth layer is formed 
on an exposed surface of the crystal layer that is not covered with 
the mask, and thus a desired ridge is formed. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Industrial Application] The present invention 
relates to a method of manufacturing a semiconductor laser device, 
particularly, a channel -stripe -type semiconductor laser device. 
The present invention relates to a technique effectively applied 
to a method of manufacturing a semiconductor laser device provided 
with, for example, aridge (a ridge waveguide) above an active layer. 



[0002] 

[Prior Art] A buried semiconductor laser is known as one of 
semiconductor lasers. Japanese Patent Application Laid-Open No. 
Sho 61-210687 describes a method of manufacturing a buried 
semiconductor laser formed as follows: after two stripe-shaped 
masks are formed on a semiconductor substrate, a cladding layer, 
an active layer, and a cladding layer are laminateed sequentially 
on the substrate; afterward, the masks are removed and then a current 
constriction layer is formed. 

[0003] On the other hand, a channel -stripe -type semiconductor 
laser device provided with a crystal layer having a ridge above 
a flat active layer is known as one of the semiconductor lasers 
with other configurations. For instance, under the title of 
"Structural Design and Experimental Manufacture of 670nm- 
Wavelength GalnAsP/AlGaAs Distributed Feedback Laser", a 
ridge-waveguide- type GalnAsP/ AlGaAsDFB laser is disclosed on pages 
246 to 252 in "Journal of IEICE C-l No. 5" issued by The Institute 
of Electronics, Information and Communication. Engineers on May 25, 
1990. This reference describes that n-AlGaAs , GalnAsP (active), 
p-AlGaAs, p-GaInP(a guide layer), p-AlGaAs (a cladding layer), and 
p-GaAs(a cap layer) are formed sequentially on an n-GaAs substrate 
and that a ridge waveguide structure is formed by selective etching 
of the GaAs cap layer and the p-AlGaAs cladding layer. 
[0004] 
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[Problems to be solved by the Invention] As described above, a 
semiconductor laser having a ridge waveguide structure is known. 
The present applicant also has developed a semiconductor laser (a 
semiconductor laser device) having a similar structure. This 
semiconductor laser (hereinafter also referred to as a "ridge - 
waveguide- type semiconductor laser") has the following 
configuration as shown in FIG. 6. That is. after an n-type GaAs 
layer 2, an n-type AlGaAs layer 3, an active layer 4, a p-type AlGaAs 
layer 5, and a p-type GaAs layer 6 are formed on an n-type GaAs 
substrate ( a semiconductor substrate) 1 . a mask is formed in a stripe 
form on the upper surface of the top layer, and then a stripe- 
shaped ridge 7 is formed by etching of the p-type AlGaAs layer 5 
to leave its lower part with a predetermined thickness (a) . A part 
of the p-type AlGaAs layer 5 remaining on both sides of the ridge 
7, i.e. a ridge side layer 8. is formed to have a predetermined 
thickness (a) in order to obtain effective current constriction 
and light absorption. In addition, an n-type GaAs layer 9 is buried 
on both sides of the ridge 7. A p-type GaAs layer 10 is formed on 
the entire surfaces of the n-type GaAs layer 9 and the p-type GaAs 
layer 6. Further, an insulating film 11 is provided selectively 
on the surface of the p-type GaAs layer 10. Furthermore, an 
electrode (an anodic electrode) 12 is provided on the p-type GaAs 
layer 10, and an electrode (a cathodic electrode) 13 is provided 
on a rear face of the n-type GaAs substrate 1. 
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[0005] In the manufacture of a ridge (a ridge waveguide) in 
manufacturing such a ridge -waveguide -type semiconductor laser (a 
semiconductor laser device) , the present applicant forms the ridge 
by etching (chemical etching) using a stripe- shaped etching mask. 
However, it was found that the chemical etching caused great 
variations in the ridge side-face and depth directions and thus 
the width of the ridge and the thickness of the ridge side layer 
were not formed easily with high reproducibility. In the 
ridge -waveguide -type semiconductor laser, the thickness of the 
ridge side layer has a correlation with device characteristics of 
a kink level , an astigmatic difference . and an angle of beam emission , 
and is required to be controlled within a proper range . For instance , 
the precision in thickness of the ridge side layer is of the order 
of plus and minus several nanometers. Variations in formation of 
the ridge side layer accompanied by the formation of the ridge are 
resulted from variations in epitaxial growth of a thick p-type 
AlGaAs layer with a thickness of about 1.6 im for forming the ridge 
and variations caused in chemical etching of this thick p-type 
AlGaAs layer. This results in great variations in thickness of the 
ridge side layer. Hence, it is difficult to improve yield in 
manufacturing a semiconductor layer device using the method of 
forming a ridge by conventional chemical etching. Similarly in the 
case of a buried semiconductor laser according to the above- 
mentioned reference, an element that can also be called a ridge 



is formed and an active layer is formed on the xidge portion. 
However, it is not described to provide a ridge side layer, and 
no problem consciousness is found that the thickness of the ridge 
side layer must be controlled strictly. 

[0006] An object of the present invention is to improve yield in 
manufacturing a ridge -waveguide -type semiconductor laser device 
through high precision formation of the width of a ridge and the 
thickness of a ridge side layer. The above-mentioned object and 
other objects and novel characteristics of the present invention 
will become clear from the description in the present specification 
and the accompanying drawings . 
[0007] 

[Means for solving the Problem] An outline of typical one of the 
inventions disclosed in the present application is described 
briefly as follows . In a ridge-waveguide- type semiconductor laser 
device of the present invention, when a ridge is formed above an 
active layer, a crystal layer to have a thickness of a ridge side 
layer is formed by an epitaxial growth method, then a mask is 
provided by a photolithographic technique in a region of the crystal 
layer where the ridge side layer is to be formed, an epitaxial growth 
layer is formed by the epitaxial growth method on a part of the 
crystal layer that has not been covered with the mask so as to have 
a predetermined thickness, and thus the ridge and the ridge side 
layer with desired dimensions are formed. 



6 



[0008] 

[Effect] As described above, according to the method of 
manufacturing a semiconductor laser device of the present invention, 
in forming a ridge and a ridge side layer, the ridge side layer 
is formed by the epitaxial growth method with excellent 
controllability and thus has a thickness with high precision. 
Further, with respect to the ridge, its width is determined by the 
photolithographic technique with excellent controllability and its 
thickness by the epitaxial growth method with excellent 
controllability. Thus, the ridge has dimensions with high 
precision . 
[0009] 

[Embodiment] An embodiment of the present invention is described 
with reference to the drawings as follows. FIG. 1 is a sectional 
view of a semiconductor laser device manufactured by a method of 
manufacturing a semiconductor laser device of the present invention. 
FIGS. 2 to 5 shows states at respective steps in the method of 
manufacturing a semiconductor laser device of the present invention. 
FIG. 2 is a sectional view showing a semiconductor substrate and 
the like in which a crystal layer used for forming a ridge side 
layer is provided. FIG. 3 is a sectional view showing the 
semiconductor substrate and the like in which a ridge is formed. 
FIG. 4 is a sectional view showing the semiconductor substrate and 
the like in which a buried layer is formed. FIG. 5 is a sectional 



view showing the semiconductor substrate and the like in which a 
crystal layer covering the ridge and the buried layer is formed. 
[00101 In this embodiment, the description will be made of an 
embodiment in which the present invention is applied to a 0.78 
im-band visible light semiconductor laser. The semiconductor 
laser device with a ridge manufactured by the manufacturing method 
Of the present invention has a configuration shown in FIG. 1. That 
is, this semiconductor laser device has a configuration in which 
an n-type GaAs layer 2, an n-type AlGaAs layer 3, and an active 
layer 4 made of AlGaAs are laminated sequentially on a semiconductor 
substrate (an n-type GaAs substrate) 1. On the active layer 4, a 
p-type AlGaAs layer 5 is provided that is formed of a ridge 7 with 
a stripe-shaped protrusion as its center portion and a ridge side 
layer 8 that extends on both sides of the ridge 7 and is lower than 
the ridge 7. An upper portion of the ridge 7 is a p-type GaAs layer 
6 formed to be laid on the p-type AlGaAs layer 5. On the ridge side 
layer 8 on both sides of the ridge 7, an n-type GaAs layer 9 is 
embedded. The surfaces (upper faces) of the n-type GaAs layer 9 
and the p-type GaAs layer 6 are substantially flush with each other. 
A p-type GaAs layer 10 is provided on the p-type GaAs layer 6 and 
the n-type GaAs layer 9. Further, an insulating film 11 is provided 
selectively on the surface of the p-type GaAs layer 10 . Furthermore, 
an electrode (an anodic electrode) 12 is provided on the p-type 
GaAs layer 10 and an electrode (a cathodic electrode) on the rear 
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surface of the n-type GaAs substrate 1. 

[0011] Next, a method of manufacturing such a semiconductor laser 
device is described with reference to FIGS. 2 to 5. Initially, as 
shown in FIG. 2, a semiconductor substrate 1 is prepared that is 
formed of n-type GaAs and has a thickness of a few hundreds of 
micrometers. Afterward, on the principal surface of this 
semiconductor substrate 1, an n-type GaAs layer 2 with a thickness 
of about 0.5 im. an n-type AlGaAs layer 3 with a thickness of about 
1.8 im, an active layer 4 with a thickness of about 0.1 to 0.2 im, 
and a crystal layer 20 for ridge formation that is made of p-type 
AlGaAs and has a thickness of about 0.2 to 0.3 im are formed 
sequentially by a normal epitaxial growth method. The crystal 
layer 20 for ridge formation eventually forms a ridge side layer. 
The thickness of the ridge side layer has a considerable effect 
on the characteristics of the semiconductor laser. Hence, the 
crystal layer 20 for ridge formation to be the ridge side layer 
is formed by the epitaxial growth method with high precision 
controllability, so that the crystal layer 20 for ridge formation 
has a thickness with high precision. In this embodiment, a 
thickness (a) of the crystal layer 20 for ridge formation is set 
to be a thickness of the ridge side layer 8. Therefore, the 
variation in thickness of the crystal layer 20 for ridge formation 
can be suppressed to a variation of plus and minus several tens 
of nanometers or less with respect to a design value . Subsequently. 



on the principal -surface side of such a semiconductor substrate 
1. a mask 21 formed of an insulating layer is provided by normal 
photolithography in a region other than a stripe region with a width 
of about 4 to 5 im as the center portion. 

[0012] Next, the principal -surface side of the semiconductor 
substrate 1 undergoes normal epitaxial growth. As a result, as 
shown in FIG. 3, an epitaxial growth layer is formed on the surface 
of the crystal layer 20 for ridge formation that is not covered 
with the mask 21. Thus, the ridge 7 is formed. With respect to 
the ridge 7. its width can be determined by photolithography with 
high precision controllability and thus is of high precision. 
Further, the height of the ridge is determined by the epitaxial 
growth method with high precision controllability and thus is of 
high precision. In the epitaxial growth, initially, a crystal 
layer (a p-type AlGaAs layer 5) is formed that is made of p-type 
AlGaAs that is the same material as that of the crystal layer 20 
for ridge formation, and then another crystal layer, i.e. a p- 
type GaAs layer 6 is formed. As a result, the ridge 7, which are 
made of the same composition of p-type AlGaAs. and the ridge side 
layer 8 extending on both sides of this ridge 7 are formed. This 
ridge side layer 8 has a predetermined thickness (a) with a variation 
of plus and minus several tens of nanometers or less . A total height 
of the crystal layer 20 for ridge formation formed of the p-type 
AlGaAs layer and the p-type AlGaAs layer 5 formed of the p-type 
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AlGaAs layer provided thereon is about 1 . 6 im. The p-type GaAs layer 
6 has a thickness of about 0.25 im. 

[0013] Next, as shown in FIG. 4, an insulating film 22 is formed 
on the p-type GaAs layer 6. Afterward, the principal -surface side 
of the semiconductor substrate 1 undergoes epitaxial growth. As 
a result, a buried layer of an n-type GaAs layer 9 is formed on 
an exposed part of the crystal layer (the crystal layer 20 for ridge 
formation). This n-type GaAs layer 9 is formed so that its upper 
surface is substantially flush with the upper surface of the p-type 
GaAs layer 6. 

[0014] Next, the insulating film 22 is removed. Afterward, on the 
surfaces of the p-type GaAs layer 6 and the n-type GaAs layer 9. 
i.e. on a flat surface, as shown in FIG. 5. a p-type GaAs layer 
10 with a thickness of 1.2 im is formed by a normal epitaxial growth 



method. 



[0015] Next, on the principal -surface side of the semiconductor 
substrate 1, an insulating film 11 is provided in a predetermined 
portion and an electrode (an anodic electrode) 12 made of a gold 
material is provided. After the overall thickness of about 100 im 
is obtained by grinding a portion with a predetermined thickness 
of the semiconductor substrate 1 on its rear side, an electrode 
(a cathodic electrode) 13 made of a gold material is provided. Thus, 
a semiconductor laser device as shown in FIG. 1 is manufactured. 
This semiconductor laser device has a width of 300 im, a thickness 



of 100 im, and a depth of 600 im. 
[0016] 

[Effects of the Invention] (l) According to the method of 
manufacturing a semiconductor laser device of the present invention, 
an effect is obtained that with respect to the ridge, its width 
is determined by the photolithographic technique with excellent 
controllability and its thickness is determined by the epitaxial 
growth method with excellent controllability, so that the 
dimensions of the ridge are of high precision. 
[0017] (2) According to the method of manufacturing a 
semiconductor laser device of the present invention, an effect is 
obtained that the ridge side layer is formed by the epitaxial growth 
method with excellent controllability and thus has a thickness with 
high precision. 

[0018] (3) With (1) and (2) above, according to the method of 
manufacturing a semiconductor laser device of the present invention . 
an effect is obtained that manufacture yield improves since the 
ridge and the ridge side layer can be manufactured to have dimensions 
and a thickness within predetermined precisions, respectively. 
[0019] (4) With (1) to (3) above, according to the present invention, 
a synergistic effect is obtained that a ridge -waveguide -type 
semiconductor laser device with stable characteristics can be 
provided . 

[0020] In the above, the invention achieved by the present 
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inventors was described specifically based on the embodiment. 
However, the present invention is not limited to the above-mentioned 
embodiment. It is understood that the present invention can be 
modified variously within a range that does not depart from the 
essential points of the present invention. For instance, the ridge 
was provided in the crystal layer on the active layer in the 
embodiment. However, the same effect as that obtained in the 
embodiment can be obtained even when a configuration is employed 
in which one or more crystal layers are provided on the active layer 
and the ridge is provided in an upper layer thereof. 
[0021] In the above description, the present invention achieved 
by the present inventors mainly was applied to a 0 . 78 im-band visible 
light semiconductor laser device included in the application field 
that served as a background of the present invention. However, the 
present invention can be applied to semiconductor laser devices 
for other wavelengths in a similar manner. Moreover, the present 
invention can be applied to semiconductor laser devices with other 
configurations, for example, a distributed feedback semiconductor 
laser device and the like, whereby similar effects can be obtained. 
[Brief Description of the Drawings] 

[FIG. 1] FIG. 1 is a sectional view showing a semiconductor laser 
device manufactured by a method of manufacturing a semiconductor 
laser device according to the present invention. 
[FIG. 2] FIG. 2 is a sectional view showing a semiconductor 
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substrate and the like with a crystal layer for ridge side layer 

formation provided in the method of manufacturing a semiconductor 

laser device according to the present invention. 

[FIG. 3] FIG. 3 is a sectional view showing the semiconductor 

substrate and the like with a ridge formed in the method of 

manufacturing a semiconductor laser device according to the present 

invention. 

[FIG. 4] FIG. 4 is a sectional view showing the semiconductor 
substrate and the like with a buried layer formed in the method 
of manufacturing a semiconductor laser device according to the 
present invention. 

[FIG. 5] FIG. 5 is a sectional view showing the semiconductor 
substrate and the like with a crystal layer covering the ridge and 
the buried layer formed in the method of manufacturing a 
semiconductor laser device according to the present invention. 
[FIG. 6 J FIG. 6 is a sectional view showing a semiconductor laser 
device developed by the present applicant. 
[Description of Reference Symbols] 

I. . .Semiconductor Substrate (N-Type GaAs Substrate), 2...N-Type 
GaAs Layer, 3. . .N-Type AlGaAs Layer, 4. . .Active Layer, 5. . .P-Type 
AlGaAs Layer. 6. . .P-Type GaAs Layer, 7. . .Ridge (Ridge Waveguide) , 
8. . .Ridge Side Layer, 9. . .N-Type GaAs Layer, 10 ... P-Type GaAs Layer , 

II. . .Insulating Film, 12 . 13. . .Electrode, 20 .. .Crystal Layer for 
Ridge Formation, 21... Mask, 22 ... Insulating Film 
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